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Chapter 1 
 
Introduction 
Recombinant proteins and generation of immune response L7/L12 50S ribosomal protein 
is a promising candidate because it has given good results in mice models. Further, 
Brucellin INRA (sLPS free cytosolic extract from rough B. melitensis B115) which is a 
purified protein used in skin test to screen positive cases of brucellosis fails to elicit a 
delayed type hyperimmune (DTH) response, when the L7/L12 fraction is removed from 
the purified protein (Bachrach et al., 1994). L7/L12 ribosomal protein participates in 
bacterial protein synthesis by binding elongation factor G and TU. Like any other 
ribosomal protein this 12 kDa protein encoded by a 375 bp gene is also conserved across 
many genera of bacteria like E. coli, Mycobacteria etc. The exact antigenic motif 
recognized by the host immune system has not yet been elucidated. L7/L12 with its helix 
turn helix DNA binding motif makes it a suitable candidate to screen for putative T cell 
epitopes (Rice and Steitz, 1989). Any vaccine against brucellosis should give a 
predominantly Th1 mediated immune response to clear the infection. IFN-γ (interferon) 
and TNF-α have been implicated as key cytokines needed to confer protection against the 
disease. Recombinant antigens and DNA vaccines Among the recombinant antigens that 
have been tested, HtrA, GroEL, GroES, UvrA and YajC induced cellular and humoral 
immune responses in mice, but only the L7/L12 (Oliveira and Splitter, 1996; Oliveria et 
al., 1994) elicited some level of protection. So there is a agreement between the present 
work and previous studies. E. coli expressing the Cu/Zn SOD also conferred a significant 
level of protection (1.77 log units) (Onate et al. 1999). Onate et al. (1999) also reported that 
the complete Cu/Zn SOD protein could induce a protective immune response in mice. 
But that report was contradictory with the results of Tabatabai and Pugh (1994) who were 
unable to induce a protective immune response in mice using a combination of adjuvants 
and purified recombinant Cu/Zn SOD protein as the vaccine antigen, although some 
level of protection was induced with synthetic peptides of the protein and adjuvant. DNA 
vaccination is a relatively novel and powerful method of immunization DNA vaccination 
is a powerful method of immunization that induces strong cellular immune responses to 
a wide range of pathogens in many animal models for different diseases (Donnelly et al., 
1997). Previous reports demonstrated that intramuscular inoculation with a DNA vaccine 
that coded for L7/L12 elicited a strong protective response (Ercan and Splitter, 1997). As 
described previously, viable B. abortus RB51 conferred over 2 log units of protection 
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(Tabatabai and Pugh, 1994). Munoz-Montesino et al. (2004) concluded that intra-spleen 
delivery of a DNA vaccine containing the Cu/Zn SOD was able to generate a protective 
immunity but intramuscular administration of that vaccine in the same doses and under 
the same conditions as the subcutaneous inoculation did not lead to a significant 
protective immune response (Onate et al., 2003). Those results demonstrated a higher 
efficacy of the subcutaneous route of administration and they were in agreement with the 
results obtained by Cano et al. (2001) and Maloy et al. (2001).  
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Chapter 2 
 
Animal nutrition Biotechnology 
• Animal Biotechnology research in the third field of animal nutrition concentrates 
on improvements in the enzymatic treatment of feed; the addition of inoculant to 
ensilaged fodder for better and faster conversion and decreasing the anti-
nutritional factors in certain plants, such as legumes, which are used as feed and 
also improve health of the rumen microbes. 
• In developing countries, such techniques might eventually increase the potential 
range of crops used to feed larger herds of livestock. 
 
DNA technologies in nutritional physiology 
• Applications are being developed for improving the performance of animals 
through better nutrition. 
• Enzymes can improve the nutrient availability from feed stuffs, lower feed costs 
and reduce output of waste into the environment. 
• Prebiotics and probiotics or immune supplements can inhibit pathogenic gut 
microorganisms or make the animal more resistant to them. 
• Administration of recombinant somatotropin (ST) results in accelerated growth 
and leaner carcasses in meat animals and increased milk production in dairy cows. 
• Immunomodulation can be used for enhancing the activity of endogenous 
anabolic hormones. 
• In poultry nutrition, possibilities include the use of feed enzymes, probiotics, 
single cell protein, and antibiotic feed additives. 
• The production of tailor-made plant products for use as feeds and free from anti-
nutritional factors through recombinant DNA technology is also a possibility. 
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• Plant biotechnology may produce forages with improved nutritional value or 
incorporate vaccines or antibodies into feeds that may protect the animals against 
diseases. 
 
DNA technology in rumen biology 
• Rumen biotechnology has the potential to improve the nutritive value of 
ruminant feed-stuffs that are fibrous, low in nitrogen and of limited nutritional 
value for other animal species. 
• Biotechnology can alter the amount and availability of carbohydrate and 
protein in plants as well as the rate and extent of fermentation and metabolism 
of these nutrients in the rumen. 
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Chapter 3 
 
Methods for improving rumen digestion in ruminants include the use of probiotics, 
supplementation with chelated minerals, and the transfer of rumen microorganisms 
from other species. 
 
Genetic manipulation of microbes for improve feed utilization and Health 
Need for rumen manipulation 
• Fibrous feeds and cereal crop residues of low digestibility comprise the major 
proportion of feed available to most ruminants. Because of feeding of ruminants 
with the feed of low digestible fibrous feeds, productivity of these livestock has 
been extremely low evidenced by low growth rates, late maturity, low 
reproduction rates, late maturity, low reproduction rates, low milk yield and 
stunted mature body size.  
• Rumen fermentation has to be optimized to improve feed utilization in ruminants. 
This is done to maximize the digestion of lignocellulosic compounds and the use 
of non-protein nitrogen, while allowing other nutrients (i.e., proteins, starch and 
lipids) to escape rumen fermentation.  
 
Steps to optimize rumen digestion 
There are three steps to optimize digestion, 
• Supplying the nutritional requirements of rumen microflora to ensure maximum 
microbial activity and microbial growth yield. 
• Modifying microbial population (bacteria, protozoa and fungi) to select the species 
that are most suitable to supply biomass and metabolites that the host animal 
requires.  
• Altering the physiology of the digestive tract (i.e., salivary secretion, rumen 
motility, rates of liquid-phase and particle-phase outflow).  
   
Knowledge for Global Development    
 
6 
 
• The first step requires that the known quantitative and qualitative needs of the 
ruminal microbial populations be met. This can be done by controlling the diet (nature, 
amount, physical form of feedstuff, balancing nutrients). The other two steps requires the 
manipulation of the rumen microbes.  
 
• The primary objective of the manipulation of rumen organisms is to increase the 
rate and extent of digestibility of these fibrous feeds as this is a primary limiting factor. 
The fastest way to improve rumen function in an animal is to introduce digestion-
enhancing bacterial species from other animals or to selectively increase populations of 
species that inhabit the rumen only at low levels.  
 
Application of recombinant DNA technology to improve rumen organism 
• The type of alteration that is most desirable is  
o an increased ability by rumen organisms to digest coarse plant fibre,  
o by the increased production of cellulolytic and xylanolytic enzymes.  
o Succinogenes are cellulolytic and are unable to digest xylan, while B. 
rnminicola has only xylanolytic activity. By giving the dominant populations of bacteria 
with digestive capability for multiple cell wall constituents, it may be possible to enhance 
fibre digestion by a sort of mixed populations that occur naturally.  
o Many bacterial genes have inducible promoters and such switches may be 
useful for the timed induction of nutrient synthesis, antibiotic production, anti-
helminthic synthesis, etc. The initial step in this process is to identify inducible genes in 
the ruminal anaerobes and isolate promoter sequences responsible for control functions.  
o Gene libraries have been constructed and used to isolate the genes for 
cellulose enzymes which can be expressed as active molecules in the E. coli host cells.  
o The genetic manipulation of rumen microorganisms by altering the 
inherited characteristic is the most powerful potential tool for enhancing the rate and 
extent of digestion of fibrous feeds within the rumen.  
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 Its success depends on the identification of the specific genetic information, the 
development of appropriate genetic techniques and creation of new organisms with high 
probability of survival in the harsh environment of the rumen of animals fed on highly 
fibrous feeds. 
 
Transformation (Uptake of DNA by bacterial cells) 
Most species of bacteria are able to take up DNA from the medium in which they grow 
often a DNA from the medium in which they grow. Often a DNA taken up in this way 
will be degraded, but occasionally it will be able to survive and replicated in the host 
cell.  
 
The vector containing DNA segments to be cloned, called DNA inserts are then 
introduced into a suitable organism, usually a bacterium this organism is called Host, 
while the process is called TRANSFORMATION.  
 
In recent years the term transformation has been extended to include uptake of any 
DNA segments by any type of cell , regarded of whether the uptake result in a 
detachable change in the cell , or whether the cell involved in  bacteria , fungal animal 
or plant cells .  
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Preparation of component of E. coli cells: 
 
 
As far as transformation was concerned occurred in the early 1970s, when it was observed 
that E. coli cells that had been soaked in an ice cold salt solution were more efficient at 
DNA uptake then unsoaked cells.  
 
A solution of 50 mm cacl2 is traditionally used although other salts, rubidium chloride 
are also effective.  
 
Selection of transformed cells: A good example of selectable marker is the Tetracycline 
and Ampicillin resistance gene of vector PB322, only those E. Coli cells that have taken 
up a plasmid will tetracycline and ampicillin and able to form colonies on an different 
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agar medium that contains tetracycline and ampicillin, Non – transformonants which are 
still tetracyclin and ampicillin will not produce colony on the selective medium.  
 
Transformation method:-  
Several approaches have been used for the introduction of DNA into animal cells, 
which are as follows.  
1. Calcium phosphate precipitation  
2. DEAE – dextran mediated transformation   
3. Fusion with bacterial protoplasts  
4. Direct micro injection 
5. Retrovirus infection  
6. Lipofection  
7. Particle gun delivery  
8. Electroporation   
 
1. Calcium phosphate precipitation:- In this method the DNA preparation to be used 
for transfection in first mixed with a calcium chloride solution which is then added very 
slowly with mixing to a phosphate buffer.  
 
In this method prepare the cells for transformation and adding calcium chloride solution 
and DNA segments in the phosphate buffer. This mixture is left undisturbed for 30 min 
for proper preparation.  
 
The optimum final concentration of DNA in the precipitate mixture in around 20 µg/ml. 
 
2. DEAE – dextran mediated Transformation:- (Dimethlyaminoethyl – dextran )  
DEAE – dextran is water soluble this solution has a multiple positive charge and added 
DNA segment. DNA segment uptake by cell through the endocytosis.  
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3. Lipofication: - The delivery of DNA into cells using liposome is called Lipofection. 
Liposomes are small vesicles prepared from a suitable lipid. Nonionic lipids were used 
for preparing liposimed, which required specific DNA eucapsidation procedure. 
 
4. Fusion with bacterial protoplasts: - In this method protoplasts are prepared from 
bacterial cells that contain the endogenous DNA, which is the DNA fragment to be 
transferred in the cultured cells.  
 
The bacterial protoplasts are then fused with cultured cells using PEG.  
In this method, mainly 100 % of the cells may take up the exogenous DNA.  
 
5. Electroporation: - In this approach transformation mixture containing cells and 
DNA is exposed for a very brief period (few milliseconds) to a very high voltage gradient 
(eg: - 4,000 – 8,000 v/cm). 
 
6. Microinjection: - In this method DNA injected directly into the nucleus of the cell 
of into the male pronucleus of a fertilized one – to – two cell ovum. The male pro nucleus 
is chosen for micro injection because fertilized mammalian ova.  
 
7. Particle gun delivery: - In this method 1-2 µm tungsten or gold particle coated with 
the DNA to be used for transformation are accelerated to velocities which enable their 
entry into cells / nuclei. 
 
The most successful devices accelerate particles in one of the following two way –  
1. By using prersuzisen Helium gas. 
2. By the electrostatic energy released by droplets of water exposed to a high 
voltage. 
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Chapter 4 
 
TUMOR MARKERS  
Tumor markers are substances, usually proteins, which are produced by the body in 
response of cancer growth or by cancer tissue itself.  
 
It may be detected in blood, urine, or tissue samples.  
 
Importance of tumor marker:-  
Some markers are specific for a particular type of cancer, but these markers use in 
diagnostic for cancer because of some time these marker elevated in non – cancerous 
conditions.  
 
These markers are used for the screening of cancer in early stage before it has had a 
chance to grow and spread in body.  
 
Use of Tumor Markers:-  
Tumor markers used as screening test is prostate specific Antigen (PSA) for prostate 
cancer in men. 
 
Alpha fetons protein (AFP) – These plasma protein usually produced by fetus. These 
protein level decrease or NIL in over age or old age. so these protein use in screening of 
some disease like- Viral hepatitis, Cirrhosis, Hepatoma, Embryonal cell carcinoma.  
Carcinoma embryonic Antigen (CEA) – Normally in body in normal level that is 2.5 
mg/ml is nonsmoker. CEA is a protein found in many types of cells but associated with 
tumors and the developing fetus. CEA is tested in blood.  
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Normal level <2.5 mg /ml in adult nonsmoker.  
  <5 mg /ml in adult in a smoker.  
 
Neuron specific enolae ( NSE ) : A substance that has been detected in patients with 
certain tumors – Neuroblastoma, small cell lung cancer, medullary thyroid cancer, 
carcinoid tumor, pancreatic endocrine tumors & melanoma .  
 
Acute Phase proteins (APP):-  
Acute phase proteins are a large and varied group of glycoproteins in which are unrelated 
to immunoglobulin.  
 
Acute phase proteins are a class of protein whose plasma concentration increase (positive 
acute phase protein) or decrease (negative acute phase of protein) according to different 
types of stimulation / response.  
 
These are synthesized by liver parenchymal infection, endo cells and released into blood 
stream in response to a variety of stressors such a local inflammation , bacterial infection 
, endotoxin injection , neoplasia and thermal or mechanical injury as part of the acute 
phase of the inflammatory reaction. 
 
Synthesis of Acute Phase proteins (APP) – Biological function.  
The synthesis of APP is thought to be stimulated by MONOKINES such IL-1, IL – 6 and 
tumor nectrotic factor (TNF).  
 
The response of pattern of individual APPs to various stressors or disease may differ, 
changes in their plasma concentration are generally regarded as being sensitive.  
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The biological function of APPs are also highly various with some functioning as 
proteinase inhibitors, enzyme transport proteins, coagulation proteins, modulators of the 
immune response.  
 
All APPs appear to play a role in the restoration of homeostasis after injury, tissue 
necrosis or infection.  
 
Application Acute phase proteins:  
Some of Apps such as C- reactive protein (CRP ) and serum amyloid A (SAA ) in human 
and haptoglobulin in ruminants are considered “major “ Apps and have been  disease 
and cancer .  
 
Acute phase proteins are also being evaluated for their utility in antimortem and post 
mortem of meat and poultry inspection as part of the HAZARD Analysis Critical Control 
Point (HACCP) program.  
 
A particular type of protein is particular species of animal and birds so this is use as a 
SPP identification of meat.  
 
The concentration of alpha acid glycoprotein has been measured in dogs with malignant 
neoplasia.  
 
Continued high levels of this phase protein for treatment for conditions where the protein 
level in high initially suggests that treatment is not working or not appropriate.  
 
Levels above 1000 µm/ml of serum indicate a poor prognosis especially if subsequent 
measurements show increasing levels.  
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C- reactive protein & serum amyloid A (SAA) (CRP) in human and haptoglobulin in 
ruminants.  
 
Use as major Ag for monitoring infection which is an inflammation concern.  
Acid glycoprotein in dogs with malignant neoplasia of these protein present in serum so 
poor prognosis.  
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Chapter 5 
 
Animal cell and tissue culture 
Cell growing in laboratory dishes, means outside the animal body is known as cell and 
tissue culture (in vitro culture). All the cells in an animal body are not capable of growing 
in laboratory. Only few type of cells grow in-vitro.  
 
eg:- Tumor cells , Steroid producing adrenal cells , ACTH – secreting pituitary cells , 
Insulin secreting pancreatic islet cells , Growth hormone producing cells , Prolactin 
secreting cells from pituitary tumor , Melanocytes , Neural cells , Epithelial tissues, 
Skeletal tissue etc .  
 
1885 – Roux maintained embryonic chick cells in a saline culture.  
 
1911 – Lewis and Lewis made the first liquid media from sea water, serum, embryo 
extract, salt and peptones. 
 
1964 – Little field introduced the HAT medium for cell.  
 
1965 - Ham introduced the first serum free medium was able to support the growth of 
some cell 1975 – Kohler and Milstein produced hybredoma technique. 
 
Tissue Culture – Tissue culture is used as a generic term to include the IN-VITRO 
cultivation of organs, tissue and cells.  
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Purpose of cell and tissue culture:  
Cultured cells are used as subunite host to study of the pattern of viral infection.  
Manufacture of vaccines (FMD , influenza , measeles , rabies ) , antibody , hormone , 
interferons , urokinase , enzyme , vitamins , steroids etc .  
 
Testing the potency of drug.  
Use as an organ or tissue module. 
To study the metabolism of various substances   
 
Tissue Culture: - Tissue culture can be sub divided into three major categories.  
A) Organ culture. 
B) Cell culture. 
 
Type of Artificial Media:  
1) Serum free media. 
2) Protein free culture media. 
3) Chemically defined media.  
 
Tissue Culture: - It is used as the generic term. It include.  
1. Cell culture. 
2. Organ culture. 
 
1. Cell culture: - Cell culture is the invitro propagation of cells harvested from 
animal organs or tissue.  
2. Organ Culture: - Organ culture involves the maintenance of whole organ or part 
of organ in a way that may allow differentiation and preservation of the 
architecture and function.  
Eg: - Liver  
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Culture Media: - Culture media is the environment provide for the growth of the cells 
in laboratory (In vitro). The components and substances required for a proper growth 
and maintenance of the (cell / tissue / organs /) culture is known as culture media. The 
culture media should contain a support or matrix (that is physical media), for survival 
and growth of the cells in the culture. Serum is the most economical, easily available 
and most widely use culture media for animal cell culture. It provide necessary 
nutrients and substances.  
 
Serum is extremely complex mixture of many small and large biomolecules with 
different physiologically balanced growth promoting and growth activities.  
 
Fetal calf serum is used as a culture media and also use bovine, horse and human serum 
medium.  
 
Major serum components – Na , K , Cl , Fe , Zn , Mn , Co including – albumin , 
macroglobulin , fibronectin , 3 creatinine , Haemoglobin , bilirubin , alkaline phosphate , 
Insulin , TSH , FSH , cholesterol , testosterone , PGE , Vit – A and E etc .  
 
Abs to prevent microbial contamination and fungal contamination.  
 
Laminar Flow Hood:-  
Procedure for animal cell and tissue culture preparation:-  
A piece of tissue is removed from an organism. Then use enzyme like Trypsin or 
Collagenase for the broken adhesion of cells.  
 
Then the cells are transferred to a plastic dish or bottle and these bottle and plastic dish 
contain nutrient called as culture media (made up by proper nutrient and salts). 
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These incubate in 5 – 10 % CO2 to aid in pH maintaining and per fused with 90 – 95 % 
oxygen.  
 
ANIMAL CELLS GROW ONLY WHEN ACTUALLY TOUCH A SOLID SUPPORT, 
they are not free floating and cover the container surface & look like a tissue from which 
they are derived. This culture is referred to as PRIMARY CELL CULTURE because of 
all cell touching other cells. If the primary culture is diluted two fold and the culture 
transferred to fresh medium, the cells will again start growing.  
 
This type of repetitive culture of the cells is limited because the growth of animal cells 
decrease after about 50 cell divisions.  
 
Some of cell grow in culture medium continue after numerous transformation but these 
cells are not normal and they undergo some of Chromosomal changes and called as  
DIPLOID CELL STRAIN (strains)  
 
These cells loss the ability to grow, but some of cells are survive and termed as  
 
HETEROPLOID CELLS (They have chromosomal rearrange and deletions). These cells 
grow in culture medium continue / indefinitely as long as the medium is replenished. 
This condition is known as CELL LINE. The most famous and oldest animal cell line is 
the HeLa cell line, derived from human cervical cancer cells.  
 
Sorting:-  
Cell sorting in a process of separating the cells of interest from the unwanted cells. It is 
done at two levels in developing a cell line. 
1. While selecting a cell from a tissue.  
2. While shifting the culture from primary cell culture to secondary cell culture.  
   
Knowledge for Global Development    
 
19 
 
Cryopreservation of cell tissue:-  
TWO METHODS:   
1. Freezing with glycerol: - Cells grow / culture in Eagles medium containing 20 % 
calf serum and 5 % glycerol.  
2 – 4 ml these disturbed in aliquots in 5 ml vials. These vial then frozen in a flow 
fall in temp of 1°C / mnt till 25°C. 
 
These vials are place in liquid N2 and stored at - 196°C. 
 
2. Freezing with dimethyl sulphoxide :  
2×10 6cells / ml in eagles medium containing 15 % calf serum and 10 % dimethyl 
sulphoxide and use 3- 5 ml in vials and store in liquid N2 at -196°C  or -70 ° C . 
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Chapter 6 
 
Molecular diagnosis including PCR and DNA probes 
PCR was invented by Kary B. Mullis in 1985. 
• Molecular diagnostics is a collection of techniques used to analyze biological 
markers in the genome and proteome—the individual's genetic code and how 
their cells express their genes as proteins—by applying molecular biology to 
medical testing.  
• The technique is used to diagnose and monitor disease, detect risk, and decide 
which therapies will work best. 
• The molecular biological methods is applicable to the diagnosis of infectious 
diseases and also vaccine development. 
• Needs of diagnostic methods because of they are easy, safe, sensitive, reproducible 
and   automatic to facilitated the evaluation of large no. of sample.    
 
PCR 
• The PCR is an in-vitro, enzymatic amplification of a desired sequence of DNA 
using a pair of oligonucleotide primers. 
• These primers are complementary to one end of the DNA target sequence. 
• These are extended towards each other by a thermostable DNA polymerase in a 
reaction cycle of three steps; denaturation, primer annealing and polymerization. 
 
Components of PCR 
 Template 
• PCR can amplify as little as one molecule of starting template. Therefore, any 
source of DNA that provides one or more target molecules can in principle be used 
as a template for PCR. 
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• This includes DNA prepared from blood, sperm or any other tissue, from older 
forensic specimens, from ancient biological samples or in the laboratory from 
bacterial colonies or plaques as well as purified DNA. 
 
Primers 
• Oligonucleotides used for priming, should be at least 16 nts and preferably 20-24 
nts in length. 
• They should have similar G+C contents so that they anneal to their 
complementary sequences at similar temperatures. 
• They are designed to anneal on opposite strands of the target sequence so that they 
will be extended towards each other by addition of nucleotides to their 3’ ends. 
• If the DNA sequence being amplified is known, then primer design is relatively 
easy. 
 
dNTPs 
• The 4 dNTPs, dATP, dGTP, dCTP and dTTP are used at saturating concentration 
(200 m M each). 
 
Enzymes 
• Thermostable DNA polymerases from a number of thermophilic bacteria are used 
for PCR. 
• The most common is Taq polymerase from Thermus aquaticus. It survives the 
denaturation step of 95ºC for 1-2 min, having a half-life of more than 2hr at this 
temperature. 
• It carries a 5’-3’ polymerization dependant exonuclease activity, but lack in 3’-5’ 
exonuclease activity (proof reading). 
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• Hence, it is more prone for introducing errors. There are high-fiedality 
thermostable enzymes with 3’-5’ exonuclease activity. e.g., vent polymerase, pfu 
polymerase. 
 
Buffer 
The standard buffer for PCR contains 50 mM KCl, 10 mM Tris.Cl and 1.5 mM MgCl2. pH 
is approximately 7.2. The presence of divalent cations is critical 
(Mg2+).                                              
  
PCR cycles 
•  PCR involves a repetitive series of temperature cycles. Each reaction cycle 
comprises of three stages 
o Denaturation 
o Primer annealing and 
o Extension.  
• In the first cycle, the target DNA is separated into two strands by heating to 95ºC- 
denaturation. 
• The temperature is reduced to around 55ºC to allow the primers to anneal. The 
actual temperature depends on the primer lengths and sequences- primer 
annealing. 
• After annealing, the temperature is increased to 72ºC for optimal polymerization 
which uses up dNTPs in the reaction mix and requires Mg2+. 
• If PCR was 100% efficient, one target molecule would become 2n after ‘n’ cycles. 
In practice, 20- 40 cycles are commonly used.  
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Types of PCR Techniques 
• There are several types of PCR used. The most commonly used types of PCR, are: 
 
RT-PCR  
• Reverse transcriptase polymerase chain reaction (RT-PCR) is used to convert the 
RNA template into complementary DNA (cDNA) by using the enzyme reverse 
transcriptase and then the target is amplified into many copies through PCR steps. 
RT-PCR is applied to diagnose RNA viruses, mRNA expression etc. 
 
Nested PCR 
• Nested PCR is a conventional PCR with a second round of amplification using a 
different set of primers. This second set of primers is specific to a sequence found 
within the DNA of the initial conventional PCR amplicon. The use of a second 
amplification step with the "nested" primer set results in a reduced background 
from products amplified during the initial PCR due to the nested primers’ 
additional specificity to the region. The amount of amplicon produced is increased 
as a result of the second round of amplification. 
 
Multiplex PCR 
• Multiplex PCR is the term used when more than one pair of primers is used in a 
PCR. The goal of multiplex PCR is to amplify several segments of target DNA 
simultaneously and thereby to conserve template DNA, save time and minimize 
expense. It is a PCR strategy that enables the amplification of multiple DNA 
targets in one run. 
 
Real time PCR 
• Real-time PCR, also called quantitative (real-time) PCR or Real-time quantitative 
PCR (RTQ-PCR), is a method of simultaneous DNA quantification and amplification.  
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Application of PCR in disease diagnosis 
 By use of PCR detecting infectious agents in host tissue and vectors, even when 
small no of tissue cells are infected. 
 By use of PCR also targeted and amplify unintegrated viral gene sequences. 
 This technique is commonly referred to as ‘nested PCR’ and has been used to 
detected low level of Anaplasma marginale in persistently infected in cattle.  
 PCR is very useful in the diagnosis of chronic –persistent infections. ( retro 
viruses infection) 
 By use of PCR methods for the diagnosis of pathogens both bacteria & viruses. 
 
Diagnosis by DNA probes & DNA microarray technology 
Both of the technologies are similar process in which the binding ( hybridization) of 
DNA , derived from sample of affected of containing a pathogen (unknown) with 
highly characterized DNA derived in advance from a pathogen of interest (the known 
DNA) . 
 
APPLICATIONS OF DNA PROBE/DNA HYBRIDIZATION IN DISEASE 
DIAGNOSIS 
• The application of in situ PCR has been mainly confined to two areas foreign gene 
detection and identification if gene alterations, although many other areas remain to be 
fully explored because of its extremely high sensitivity. In situ PCR for DNA is limited to 
the detection of gene sequence that are not normally present in the tissue samples of 
interest.  
• In situ PCR is a new molecular technique that combines the extreme sensitivity of 
PCR with the cellular localization provided by In situ hybridization(ISH). It is based on 
the principles of amplification of gene sequences within intact cells or tissue sections in 
order to increase copy number to levels detectable by ISH.  
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• In situ PCR can be used in detecting viral infection. In case of HIV one can detect 
the extent of infection and the effects of treatment. One can utilize in gene therapy for 
verification of integration and expression of a desired gene in vivo.  
• In situ can also be used to determine tumour burden before and after 
chemotherapy where specific genetic abberants are associated with certain types of 
malignancy or to determine pre neoplastic by examining P53 mutations.  
• They can be used to identify infectious agents, tumours, marker genes, cytokines 
growth factors and their receptors as well as in gene therapy. It can be used to do 
immunohistochemistry together with RNA and DNA amplification at a single cell level.  
• The successfully amplified and detected are  
o Human immuno deficiency virus(HIV-1)  
o Simian immunodeficiency virus(SIV)  
o Human papilloma virus(HPV)  
o Hepatitis B virus(HBV)  
o Cytomegalovirus(CMV)  
o Epstein- Barr virus(EBV)  
o Human-herpes virus-6(HHV-6)  
o Herpes simplex virus(HSV)  
o Lymphogranuloma venereum(LGV)  
• P53 and its mutations, mRNA for surfactant protein A, estrogen receptors, 
inducible nitric oxide synthatase (INOS) gene sequences associated with multiple 
sclerosis in various tissues including peripheral mono nuclear cells, lymph nodes, spleen, 
brain, skin, breast, lungs, cytological specimens, tumours, cultured cells, tissues.  
• It is a good tool to assist gene therapy in tracing the whereabouts of foreign genes 
and pinpointing the exact locations of introduced gene sequences after gene therapy 
delivery.  
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Chapter 7 
 
MONOCLONAL ANTIBODIES  
• Each B lymphocyte can produce only one type of antibody. Monoclonal antibodies 
are antibodies produced by a group of antibody secreting B cells grown from a single B 
cell that is directed against a single epitope of an antigen. 
• In 1975 the scientists, Kholar and Milstein first showed the ways to produce 
monoclonal antibodies from hybrids between myeloma tumor cells and antigen 
stimulated B lymphocytes. 
• Monoclonal antibody production involves the creation of hybrid cells derived 
from two parental cell types: normal antibody producing cells and cancerous myeloma 
cells. The hybrid cells are formed by fusing the myeloma cells and the antibody secreting 
B lymphocytes using a chemical, polyethylene glycol (PEG). Hybrid cells have characters 
of both parents that is the infinite growth of the cancerous myeloma cells and antibody 
secreting property of B lymphocytes. 
 
STEPS IN PRODUCTION OF MONOCLONAL ANTIBODIES 
• Immunization  
o The animal used for immunization is BALB/c mice. The purpose of 
immunization is to sensitize the B lymphocytes (in the spleen) against the antigen for 
which monoclonal antibodies required. Immunization is done by repeated injection of 
antigen into the mice. 
• Fusion 
o The purpose of the fusion is to produce hybrids cells between the B 
lymphocytes and the cancerous myeloma cells (Sp2/0). The fusion is done by mixing the 
immunized B lymphocytes with the myeloma cells in the presence of polyethylene glycol 
(PEG). The PEG helps to fuse the cells.  
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• Selection of hybrid cells 
o The fused cells are grown in HAT (Hypoxanthine, Aminopterin and 
Thymidine) medium. The selection of hybrid cells formed between only B lymphocyte 
and the myeloma cell is achieved by growing the fused cells in the HAT medium. 
• Cloning of hybrid cells 
o The hybrid cells growing in HAT medium are then screened for their ability 
to produce and secrete the desired antibody. This is done be enzyme linked 
immunosorbent assay (ELISA). Then cloning under limiting dilution is done to ensure 
the monoclonality of the hybrid cells. Limiting dilution is a dilution technique by which 
hybrid cells are distributed at a concentration of 1 cell per well. Within 2 weeks, the ‘one’ 
cell in the well form a group of cells and secrete monoclonal antibodies against single 
epitope of the antigen used in the immunization. 
• Large scale production of monoclonal antibodies 
o For large scale production, hybridomas can be grown either in tissue 
culture, where they secrete up to 100 ug / ml (usually 10 – 50 ug / ml) or in vivo as tumors 
in the peritoneal cavity of BALB/c mice (hybridoma) where they produce up to 40 mg / 
ml (usually 2 – 20 mg / ml). 
   
Knowledge for Global Development    
 
28 
 
                   
APPLICATIONS OF MONOCLONAL ANTIBODIES 
• Antigen detection / disease diagnosis.  
• Leucocyte identification.  
• Parasitic identification.  
• Hormones detection.  
• Detection of carcinoembryonic protein.  
• Detection of tumor related antigens.  
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Chapter 8 
 
Vaccines  
• Vaccination protects a recipient from pathogenic agents by establishing an 
immunological resistance to infection. An injected or oral vaccine induces the host to 
generate antibodies against the disease-causing organisms.  
• Dr. Edward Jenner discovered the principle of vaccination. Cowpox is a mild cattle 
disease causes human infection, whereas small pox is an extremely virulent disease with 
high death rate in human beings.  
• Jenner inoculated James Phipps, an 8-year old, with exudates from a cowpox 
pustule. The boy was found to be fully protected against human small pox.  
• Modern vaccines typically consist of either a killed (inactivated) or a live, non-
virulent (attenuated) form of an infectious agent. The infectious agent is grown in culture, 
purified and either inactivated or attenuated without losing its ability to evoke an 
immune response.  
• The introduction of recombinant DNA technology has provided a means for 
creating a new generation vaccines that overcome the drawbacks of traditional vaccines.  
 
Sub unit vaccine 
• Vaccines generally consist of either killed or attenuated forms of the whole 
pathogenic agent.  
• The antibodies elicited by these vaccines initiate an immune response to inactivate 
(neutralize) pathogenic organisms, by binding to proteins on the outer surface of the 
agents.  
• In order to avoid the whole organisms for vaccines, for their disadvantages, 
purified outer-surface viral proteins, either capsid or envelope proteins were tried.  
   
Knowledge for Global Development    
 
30 
 
• They are sufficient for eliciting neutralizing antibodies in the host organism. 
Vaccines that use components of a pathogenic organism rather than the whole organism 
are called subunit vaccines.  
 
NEW GENERATION VACCINE 
CREATING A SUBUNIT VACCINE  
• e.g. Foot and Mouth disease vaccine.  
• The primary requirement for creating any subunit vaccine is identifying the 
component(s) of the infectious agent that elicits antibodies that react against the intact 
form of the infectious agent.  
• The major antigenic determinant inducing neutralizing antibody is the capsid viral 
protein 1 (VP1). Thus the gene for VP1 became the target for cloning.  
• The genome of FMDV is composed of ssRNA. First double stranded cDNA was 
synthesized for the entire genome. This cDNA was then digested with restriction 
enzymes and the fragments cloned in an E. coli expression vector.  
• The product of the VP1 coding sequence was identified immunologically as part 
of a fusion protein. The fusion protein was 396 amino acids long and consisted of a 
portion of the carrier protein as well as the entire sequence of FMDV VP1 protein. The 
fusion protein containing the VP1 protein fragment was able to generate neutralizing 
antibodies to FMDV.  
 
ADVANTAGES AND DISADVANTAGES OF SUBUNIT VACCINE  
Advantages  
• Using purified protein (s) as an immunogen ensures that the preparation is stable 
and safe.  
• They are precisely defined chemically.  
• Free of extraneous proteins and nucleic acids that can initiate undesirable side 
effects.  
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Disadvantages  
• Purification of a specific protein can be costly.  
• The isolated protein may not have the same conformation as it does in situ (i.e. 
within viral capsid or envelope), with the result it is antigenically altered. 
 
RECOMBINANT DNA VACCINE 
• Recombinant DNA technology, in which a section of DNA from one species is 
inserted into the DNA of another, is proving to be useful in the manufacture of vaccines 
that contain only the desired antigen - usually one or several proteins - without the need 
for attenuated toxins or modified versions of the disease causing virus or bacterium. This 
results in the production of an immune response without the risk of actual contraction of 
the original disease, and is potentially more cost effective and commercially viable. 
• An example of how the recombinant vaccine process works can be seen in the 
production of Tickgard vaccine. Here, genes responsible for the manufacture of the gut 
protein Bm86 in the cattle tick, Rhipicephalus microplus, are inserted into the plasmid DNA 
and then transformed into the E.coli. These microbes are cultured, and express the Bm86 
protein on a large scale. The protein can then be purified and injected into cattle, with the 
result that their immune system will protect them against the Bm86 antigen introduced 
in a real tick bite.  
• Current research has found that, although the Bm86 gene can be adequately 
expressed in recombinant E. coli bacteria and strains of the fungus Aspergillus, the yeast, 
Pichia pastoris has proved to be the most successful at secreting the protein. One reason 
for this is its rapid growth rate and its ability to grow on inexpensive media.  
 
RECOMBINANT VACCINE FOR ANIMAL USE 
• Several commercially available recombinant vaccines used on animals employ a 
vector based delivery system. These include the VRG vaccine, which protects animals 
against rabies, and the Purevax recombinant feline leukaemia vaccine.  
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• As mentioned above, the VRG vaccine consists of a recombinant Vaccinia virus that 
carries the gene for a rabies glycoprotein. The virus has been modified in several ways, 
one of which involves the removal of the thymidine kinase gene, making it safer to 
administer than in its original form. Studies have shown that it has not caused any side 
effects in over 10 avian species and 35 mammalian species.  
• The Purevax leukaemia vaccine contains a harmless recombinant canarypox virus 
that incorporates the FeLV gene. This gene produces a protein identical to that produced 
by the FeLV (feline leukaemia) virus, with the result that the cat's immune response is 
triggered without the danger of the actual virus being introduced. The canarypox virus 
is also used as a vector in dog and ferret vaccines.  
 
RECOMBINANT VECTORED VACCINES 
• It is possible to introduce genes that encode major antigens of especially virulent 
pathogens into a non-pathogenic or avirulent viruses or bacteria. These organism serves 
as a vector, replacing within the host and expressing the gene product of the pathogen. 
A number of organisms have been used for vector vaccines, including vaccinia virus, the 
canary poxvirus, attenuated poliovirus, adenoviruses, attenuated strains of Salmonella, 
and the BCG strain of Mycobacterium bovis. 
• Vaccinia vector has widely been employed as a vector vaccine. This large, complex 
virus, with a genome of 200 genes, can be engineered to carry several dozen foreign genes 
without impairing its capacity to infect host cell and replicate. The genetically engineered 
vaccinia expresses high levels of the inserted gene product, which can then serve as a 
potent immunogen in an inoculated host. 
• The canary poxvirus has recently been tried as a vector vaccine. Like its relative 
vaccinia, the canary poxvirus is a large virus that can be easily engineered to carry 
multiple genes. Unlike vaccinia, the canary poxvirus does not appear to be virulent even 
in individuals with severe immune suppression. Another possible vector is an attenuated 
strain of Salmonella typhimurium, which has been engineered with genes from the 
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bacterium that causes cholera. The advantage of this vector vaccine is that Salmonella 
infects cells of the mucosal lining of the gut and therefore will induce secretary IgA 
production.  
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Chapter 9 
 
FERMENTATION TECHNOLOGY  
• Fermentation forms the core of the old biotechnology and continues to constitute 
the most fundamental and the most mature area of contemporary biotechnology.  
• Man has been using fermentation technology for the processing of food and 
beverages since time immemorial. One of the earliest applications of fermentation 
technology was in the brewing industry. Later, it was used for the production of 
chemicals, and still later, of antibiotics.  
• "Fermentation" may be defined as the biochemical activity of a microorganism in 
its growth, development, reproduction and possibly even senescence and death. A 
fermenter may likewise be defined as the "container, whether conceptual or physical, 
which contains the fermentation".  
• A fermentor is the person who operates or controls the fermentation process in a 
fermenter.  
 
Medium composition  
 Macronutrient (C, H, N, P, Mg, sources –water, sugars, lipid, amino acids, salt 
minerals. 
 Macronutrient ( trace elements, metals, vitamins) 
 Additional factors: growth factors, attachment proteins, transport proteins 
 For aerobic culture, oxygen is spared. 
 
BASIC FERMANTATION TECHNIQUE 
o Surface (solid state) 
o Submersion technique 
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TYPES ON THE BASIS OF CULTURE 
i) Batch fermentation: sterile nutrient substrate, inoculated, grow until no more 
of the product is being made, harvested and cleaned out for another run.  
 
Phases of bacterial growth: lag phase, exponential growth phase, stationary phase, death 
phase (phase of decline). 
 
 
 
ii) Continuous fermentation: substrate is added continuously to the fermenter and 
biomass or products are continuously removed at the same rate. Under these condition 
the cells remain in the logarithmic phase of growth. 
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iii) Fed-batch fermentation: substrate increments as the fermentation progresses. 
Started as batch-wise with a small substrate concentration. Initiation substrate is 
consumed, addition of fermentation medium. 
 
The component parts of a fermenter for fermentation process:
 
i) The formulation of media to be used in culturing the process organism during the 
development of the inoculums and in the production fermenter. 
ii) The sterilization of the medium, fermenters and ancillary equipment. 
iii) The production of an active, pure culture insufficient quantity to inoculate the 
production vessel. 
iv) The growth of the organism in the production fermenter under optimum condition 
for product formation. 
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v) The extraction of the product and its purification. 
vi) The disposal of effluents produced by the process. 
 
Application of fermentation technology 
• Production of biomass. E.g. of spirulina and yeast.  
• Production of enzymes and nucleic acids.  
• Production of metabolites, both primary (e.g. ethanol, lactic acid) and secondary 
(e.g. antibiotics, antimetabolites).  
• Enzymatic conversion of specific substrates. e.g. glucose to fructose.  
• Enzymatic conversion of multiple substrates. e.g. biological wastes.  
 
Milk fermentation process 
• Fermentation of milk has been practiced all over the world for very long period. 
This process was used to preserve a highly perishable product such as milk. In the early 
periods, the fermentation of milk was done by natural process i.e., fermentation of milk 
by its normal microflora. Now, lactic acid producing microorganisms are added to milk 
to decrease the pH of the milk and produce different fermented milk products. 
•  The fermentation of milk involves the production of lactic acid from lactose in the 
milk. This process lowers the pH of the milk which results in coagulation of the milk 
protein casein – curdling. 
Fermentation milk products: 
Cheese, yogurt, kefir etc. 
 
Meat fermentation 
• A food is termed ‘fermented’ if it ‘has been subjected to the action of 
microorganisms or enzymes so that desirable biochemical changes cause significant 
modification of the food’.  
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• Dry cured, unground raw meats are mainly preserved by salting and drying, and 
excellent raw hams can be prepared without significant microbial activity. Rather, 
the activity of meat enzymes is important for the development of the aroma and 
tenderness of these products. Bacteria are needed mainly for the reduction of 
nitrate which is still frequently used as a curing agent, and bacteria have also been 
reported to improve the flavour. In addition, injection of lactic acid bacteria along 
with sugar has been suggested in order to lower the pH of hams and facilitate water 
removal. Some perishable meat products may also be preserved by addition of 
selected strains of lactic acid bacteria antagonistic to pathogens and spoilage flora.  
• Fermented meats are generally ground, spiced and made into sausage. These meats also 
can be smoked, cooked, cured or uncooked. After the meat is prepared, it is 
generally hung and left to ferment for varying amounts of time depending on the 
type. Common types of fermented meats are salami, pepperoni and summer 
sausage. 
 
Fermentation meat products: 
Sausages, salami etc 
 
Fermented sausages  
• Fermented sausages are defined as ground meat mixed with salt and curing agents, 
stuffed into casings and subjected to a fermentation process in which 
microorganisms play a crucial role.  
• Most fermented sausages are dried and can be stored with little or no refrigeration.  
 
Biotechnology processes in leather making 
• Enzymes can be applied during different steps of the leather production process: 
soaking,   dehairing, bating, dyeing, degreasing or in effluent and solid waste 
treatment.  
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• Leather industry uses proteolytic and lipolytic enzymes in leather processing. 
• Enzymes are used to remove animal skin, hair, and any unwanted parts. 
• Lipases are used in this phase or in bating phase to specifically remove grease. 
 
Soaking 
• Soaking enzymes are used to shorten production time by attacking solidified fats 
and non-collagenous proteins that interpose themselves between the fibers. These 
proteins sometimes cover the external surfaces of the hide, making contact between 
collagen fibers and water difficult.  
• Rather than targeting a specific reaction, the enzymes used in soaking target a 
broad-spectrum of reactions to obtain both solubilization and removal of the interfibrillar 
proteins, enabling easy rehydration of the skin.  
• The types of enzyme used in the soaking of hides are carbohydrases and proteases.  
• The advantages of an enzyme soak include shorter wetting times, loosening of the 
SCUD, initiation of FIBER OPENING, and production of a product with a less wrinkled 
grain. However, a major disadvantage of their use is the added costs involved. 
 
Liming   
• The conventional process of liming uses high proportions of lime and sulfide. 
These materials are a source of pollution in the spent lime liquors. An advantage 
of using lime is that it is a poorly soluble alkali thus providing limited availability 
of dissolved alkalis. However, a disadvantage is that it generates large quantities 
of solid waste. Although sulfide is toxic, it is the prime depilant in the de-hairing 
process.  
• It is now possible to reduce sulfide at its source using enzyme-assisted processes. 
Enzymes used in de-hairing are generally proteolytic, catalyzing the breakdown of 
proteins. Their origin can be animal (e.g. from bovine or porcine pancreas), 
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bacterial, fungal or plant. Enzymatic de-hairing generally uses proteolytic enzymes 
along with small amounts of sulfide and lime.  
• The mixture is painted onto the flesh side, causing the hair to be loosened by 
selective breakdown of the cementing substances in the hair follicle, thereby 
keeping the hairs intact.  
 
Bathing  
• Bating is the process of removing proteins other than collagen using proteolytic 
enzymes. The most important function of the enzymatic bate is removal of the coagulable 
protein of skin.  
 
 
Degreasing  
• The degreasing process is another stage of the tanning process where the use of 
enzymatic products is feasible. The degreasing process can be broken down into three 
successive stages:  
o breakdown of the proteic membrane of the fat-containing sac,  
o removal of the fat, and  
o emulsification of the fat in water or solubilization in solvent. An enzymatic 
preparation, therefore, needs a triple-action (proteolysis, lipolysis and emulsification) to 
be an effective degreasant.  
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